Hamstring strains are a common non-contact injury in soccer. The current study investigates bilateral differences in hamstring kinematics during maximal instep kicking. Thirteen male soccer players performed maximal instep kicks with their dominant and non-dominant limbs. Muscle-tendon kinematics of the four hamstring muscles during the kick movement were quantified using OpenSim software. Differences between dominant and non-dominant limbs were examined using paired t-tests. The results revealed that the biceps femoris long head (dominant = 165.28. ± 62.46 & non-dominant = 137.65 ± 52.17%), semimembranosus (dominant = 220.75 ± 43.35 & non-dominant = 131.23 ± 36.74%) and semitendinosus (dominant = 90.95 ± 16.69% and nondominant = 80.47 ± 15.99%) experienced significantly greater strain when using the dominant limb. The current investigation provides key information regarding the mechanics of the hamstring group during maximal instep kicking, indicating that kicking with the dominant limb may place soccer players at increased risk from hamstring strain injury.
1 Introduction 1 Instep kicking is a skill that is fundamental to soccer per-2 formance and represents the most commonly used kicking 3 technique in soccer (Kellis & Katis, 2007; Lees & Nolan, 4 1998; Lees, Asai, Andersen, Nunome, & Sterzing, 2010) . It 5 is important to generate high ball velocities when execut-6 ing instep kicks as this improves the likelihood of scoring 7 by reducing the amount of time that the goalkeeper has 8 to react (Sinclair, Taylor, et al., 2014) . 9 As part of their typical training regimen, soccer play-10 ers are required to develop competency in kicking with 11 both limbs (Carey, et al., 2001) . Despite this, soccer play-12 ers will typically demonstrate limb dominance in kick-13 ing mechanics (Dorge, Anderson, Sorensen, & Simonsen, 14 2002; Sinclair, Fewtrell, et al., 2014) . The unilateral 15 "sm150029" -2015/10/19 -12:22 -page 2 -#2 i i i i i i i i 2
Movement & Sport Sciences -Science & Motricité nature of soccer kicking has been proposed as a con-1 tributing factor to the aetiology of injury in soccer players 2 (Dorge, et al., 2002) . In relation to most other sports soc-3 cer is associated with a high rate of injury which ranges in soccer have shown that 60−80% of injuries occur in 8 the lower extremities (Agel, et al., 2007; Dick, Putukian, 9 Agel, Evans, & Marshall, 2007) . 10 The majority of muscle injuries in soccer are non-11 contact in nature (Ueblacker, Mueller-Wohlfahrt, & 12 Ekstrand, 2015) . Hamstring strains are known to be the 13 most common non-contact injury in soccer (Arnason, , 1996; Arnason, et al., 2004) .
32
Hamstring strains occur as a function of exces- ing. They showed that the strain load imposed on the 58 biceps femoris long head and semimembranosus mus-59 cles was larger with forward trunk lean which lead to 60 the conclusion that injury risk in these specific muscles 61 may be enhanced. Similarly, Chumanov, Heiderscheit, 62 and Thelen (2011) studied hamstring muscle strain dur-63 ing high velocity running. Their findings showed that the 64 greatest strain loads exist during the swing phase of run-65 ning which led to the conclusion that the hamstrings are 66 most susceptible to injury during this phase of the gait 67 cycle.
68
There is currently a paucity of information regarding 69 the mechanics of the hamstring muscle group during kick-70 ing movements nor is there any consideration given to the 71 potential bilateral differences that may exist in hamstring 72 kinematics. Therefore the aim of the current study was to 73 investigate bilateral differences in the kinematics of the 74 hamstring group during maximal instep kicking. Kinematic information was calculated using a ten cam-85 era motion capture system (Qualisys TM Medical AB, 86 Goteburg, Sweden) at a rate of 500 Hz. Each participant 87 performed maximal in-step kicks with a 5 m run up into 88 a regulation sized soccer goal. Five kicking trials were 89 obtained from each participant from the dominant and 90 non-dominant limbs. Dynamic calibration of the motion 91 analysis system was performed before each data collection 92 session. 93 Retroreflective markers (19 mm diameter) were placed 94 at the C7, T12 and xiphoid process landmarks and also 95 positioned bilaterally onto the acromion process, iliac 96 crest, anterior superior iliac spine, posterior super iliac 97 spine, medial and lateral malleoli, medial and lateral 98 femoral epicondyles and greater trochanter. This allowed 99 the trunk, pelvis, thighs, shanks and feet to be defined. 100 Carbon-fibre tracking clusters comprising of four non-101 linear retroreflective markers were positioned onto the 102 thigh and shank segments. Static calibration trials were 103 obtained with the participant in the anatomical position 104 in order for the positions of the anatomical markers to be 105 referenced in relation to the tracking clusters/markers. OpenSim software was used to quantify muscle-tendon 16 lengths during the kicking movements (Delp, et al., 2007) . associations between force-velocity-length (Zajac, 1989) .
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These muscle properties were then scaled based on each Descriptive statistics (means, standard deviations 40 and 95% confidence intervals) were calculated. To com-41 pare differences in hamstring muscle kinematics between 42 the dominant and non-dominant limbs, paired t-tests 43 were utilized with statistical significance accepted at the 44 p 0.05 level (Sinclair, Taylor, & Hobbs, 2013) . Effect 45 sizes were quantified using partial eta 2 (pη 2 ). In addition 46 to this percentage differences were also calculated. The 47 Shapiro-Wilk statistic for each condition confirmed 48 that the data were normally distributed. All statistical 49 procedures were conducted using SPSS 22.0 (SPSS Inc., 50 Chicago, IL, USA). The hip joint at footstrike was shown to be significantly 54 (p < 0.05, pη 2 = 0.60) more extended in the dominant 55 foot compared to non-dominant. In addition the hip was 56 also found to be significantly (p < 0.05, pη 2 = 0.35) 57 more extended at the instance of maximum hip flexion 58 in the dominant limb. Finally, the hip range of motion 59 was significantly (p < 0.05, pη 2 = 0.50) larger when us-60 ing the dominant foot compared to non-dominant (Tab. 1, 61 Fig. 1a ).
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The knee joint was significantly more flexed (p < 0.05, 63 pη 2 = 0.42) at the instance of peak hip flexion in the non-64 dominant limb (Tab. 1, Fig. 1c ). Finally at the pelvis, 65 range of motion was significantly greater (p < 0.05, pη 2 = 66 0.40) when kicking with the non-dominant limb (Tab. 1, 67 Fig. 1c ). 2, Fig. 2a ). In addition for 5 the semimembranosus the dominant limb was found to 6 have undergone a significantly (p < 0.05, pη 2 = 0.71) 7 larger change in length. Also the strain experienced 8 by the semimembranosus was significantly (p < 0.05, 9 pη 2 = 0.73) greater in the dominant limb compared to 10 non-dominant (Tab. 2, Fig. 2c ). Finally, for the semi-11 tendinosus the dominant limb was associated with a 12 significantly (p < 0.05, pη 2 = 0.39) larger change in 13 length. The strain experienced by the semitendinosus was 14 significantly (p < 0.05, pη 2 = 0.37) greater in the domi-15 nant limb compared to non-dominant (Tab. 2, Fig. 2d ).
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"sm150029" -2015/10/19 -12:22 -page 5 -#5 i The first key observation is that all of the four primary 10 hamstring muscles tested in the current study exhibited 11 eccentric lengthening in an almost linear manner through-12 out the kick movement. This is to be expected given the 13 joint observed joint/ segment kinematics during the in-14 step kick movement; hamstring lengthening was required 15 support flexion and extension rotations of the hip and 16 knee joints and also the posterior tilt of the pelvic seg-17 ment during the kick (Lees, et al., 2010) .
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Of further importance is the finding that the dominant 19 limb was associated with significant increases in strain 20 magnitude of the biceps femoris LH, semimembranosus 21 and semitendinosus muscles. The strain imposed on the 22 hamstring muscle-tendon unit during the kick is a func-23 tion of the flexion and extension patterns of at the hip 24 and knee joints (Opar, Williams, & Shield, 2012) . Given 25 the proximal and distal attachment of the aforementioned 26 muscles to the ischial tuberosity and fibula/ tibial heads; 27 the increased angular range of the hip and extension of 28 the knee joint when using the dominant limb served to 29 enhance the strain imposed on the muscles.
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Although differences in muscle strain were shown be-31 tween the dominant and non-dominant limbs, the biceps 32 femoris LH, semimembranosus and semitendinosus mus-33 cles all experienced a substantial degree of strain regard-34 less of limb dominance. Given the proposed relationship 35 between muscle strain magnitude and the aetiology of 36 muscle strain injuries the current investigation provides 37 insight regarding the high incidence of hamstring strain 38 injuries in soccer (Orchard, et al., 1998; Orchard & 39 Seward, 2002; Seward, et al., 1993) . Nonetheless, the 40 statistical analysis showed that the biceps femoris LH, 41 semimembranosus and semitendinosus muscles of the 42 dominant limb experience significantly greater strain, 43 leading to the conclusion that kicking with the dominant 44 limb may place soccer players at increased risk from ham-45 string strain injury. Of further interest is the relatively 46 low amount of strain experienced by muscle-tendon unit 47 of the biceps femoris SH. It is hypothesized that this find-48 ing relates to the unilateral nature of the biceps femoris 49 SH which attaches proximally to the lateral ridge of the 50 femur rather as opposed to the ischial tuberosity. There-51 fore, this muscle unit is not involved to the same extent in 52 hip flexion or in posterior pelvic tilt and thus the extent 53 to which it is required to lengthen is reduced in relation 54 to the other hamstring muscles. (Zajac, 1989) .
27
In conclusion, although the mechanics of instep kick-28 ing have been examined extensively, the current knowl-29 edge regarding the mechanics of the hamstring muscles 30 during this movement is limited. The present investiga-31 tion therefore adds to the current knowledge by provid-32 ing a comprehensive evaluation of hamstring kinematics 33 during maximal instep kicking when using the dominant 34 and non-dominant limbs. Importantly the current study 35 showed that the amount of muscle strain in the biceps 36 femoris LH, semimembranosus and semitendinosus mus-37 cles was significantly larger when kicking with the dom-38 inant limb. The current investigation therefore provides 39 key information regarding the mechanics of the hamstring 40 group during maximal instep kicking, which shows that 41 when kicking maximally with the dominant limb soc-42 cer players may be at greater risk from hamstring strain 43 injury. 
